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(54) Printing apparatus and printing method using multiple nozzle groups 



(57) A print head 2 has multiple nozzle groups 2a, 
2b spaced apart in the sub-scanning direction by a pre- 
scribed inter-group distance pn s . Each nozzle group 2a, 
2b has multiple nozzles aligned in the sub-scanning di- 
rection at a nozzle pitch k. In a first printing scheme in 
which the nozzle groups record different raster lines, the 
inter-group distance pn } is set to a value different from 
the nozzle pitch k. Since the nozzle pitch k need be se- 
cured only within the nozzle groups 2a, 2b individually, 



a print head 2 with many nozzles can be readily ob- 
tained. Interlace printing can be effected by selecting the 
total number of nozzles N, the number of nozzle groups 
M, the number of scans S and the nozzle pitch k to make 
N/(M . S) and k/M relatively prime and effecting sub- 
scanning at a constant pitch of N/S dots. In a second 
printing scheme in which multiple nozzle groups record 
every raster line, the selection is made to make N/(M-S) 
and k relatively prime and sub-scanning is effected at a 
constant pitch of N/(M-S) dots. 
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D scription 

The present invention relates to a printing appara- 
tus and a printing method using multiple nozzle groups 
applicable to, for example, an inkjet serial- or line-print- 5 
er, particularly to a printing apparatus equipped with a 
print head having multiple dot forming element groups 
arrayed at different group spacing from the dot forming 
element pitch and to a printing method therefor. 

Conventional printing apparatuses include, for ex- io 
ample, the serial printer, which prints characters one by 
one, and the line printer, which prints a line of characters 
at one time. The serial nonimpact inkjet printer, for in- 
stance, provides a printout corresponding to the print 
data by driving a print head formed with multiple nozzles 
in the main scanning direction while jetting ink drops 
from the nozzles and conveying a printing paper or other 
printing medium in the sub-scanning direction perpen- 
dicular to the main scanning direction. Since this con- 
ventional inkjet printer forms adjacent dot lines on the 
printing medium with ink drops jetted from the same noz- 
zles, however, the effect of variance in nozzle charac- 
teristics and the like is conspicuous and the print quality 
low. 

This problem is addressed by, for example, U.S. 
Patent N 4,198,642, which teaches interlace printing 
with constant pitch sub-scanning, i.e., a printing scheme 
in which the number of used nozzles n and the nozzle 
pitch k are set to be relatively prime and paper feed is 
eff cted at a constant sub-scan amount of n dot pitch. 

Fig. 1 is a diagram for explaining conventional in- 
terlace printing. The print head 100 has N nozzles #1 - 
#9 arrayed in the sub-scanning direction at a prescribed 
nozzle pitch k°D (N = 9 and k = 4 in the illustrated ex- 
ample). Sub-scan feed of a printing paper is conducted 
at a constant feed amount L°D. In the example shown 
in Fig. 1 , since all of the nozzles are used to jet ink drops, 
the number of nozzles N and the number of used noz- 
zles n is the same. D denotes the printing resolution and 
is called the "dot pitch. " Regarding the various parame- 
ters defined as integer multiples of the dot pitch D (k°D, 
L°D etc.) in the following description, only their integer 
portions are sometimes used. For instance, k may be 
called the "nozzle pitch" and L the "feed amount." When 
interlace printing is conducted, the nozzle pitch k and 
the sub-scan feed amount L (= n) are relatively prime. 
For example, if k = 4 and the printing resolution in the 
sub-scanning direction is 360 dpi, the nozzle pitch k is 
4 dots (4/360 inch). Similarly, the paper feed amount, i. 
e., the sub-scan feed amount L (= n) is 9 dots (9/360 
inch). 

As shown in Fig. 1, effecting a sub-scan of L dot 
pitch once every main scan of the print head 1 00 causes 
adjacent dot lines to b printed by different nozzles. For 
instance, the dot line formed by the first main scan pass 
of nozzle #7 is followed by a dot line formed by nozzle 
#5, which is followed by a dot line formed by nozzle #3, 
which is followed by a dot line formed by nozzle #1 . In- 



terlace printing can therefore produce high-quality print- 
ed images since it spreads out the effect of nozzle char- 
acteristic variance. 

In the conventional inkjet printer of the interlace 
printing type, it is taken for granted that a constant noz- 
zle pitch k can be secured. Based on this assumption, 
the nozzle pitch k and the number of driven nozzles n 
are set to be relatively prime and paper feed is conduct- 
ed at a constant pitch of n dots. 

Demand for higher printing speeds in recent years 
has heightened the need to form print heads with larger 
numbers of nozzles. Consistent formation of many noz- 
zles at a constant nozzle pitch is, however, difficult. Noz- 
zle pitch is apt to change midway and defects are likely 
to occur in some ol the nozzles. When the prescribed 
nozzle pitch cannot be obtained, the quality of interlace 
printing by the prior art is markedly degraded owing to 
overwriting and/or skipping of raster lines. Since the pre- 
scribed nozzle pitch has to be secured in print heads, 
increase of the nozzle number will lower the production 
yield and raise the production cost proportionally. The 
prior art thus does not take into account the recent need 
for the larger number of nozzles. Since the prior art print- 
ing technique requires a constant nozzle pitch for all the 
nozzles of the nozzle head, it cannot be applied without 
modification to a printing apparatus having a large 
number of nozzles for which a constant nozzle pitch is 
difficult to obtain. 

Accordingly, an object of the present invention is to 
reproduce a high-quality printed image using a print 
head with a large number of dot forming elements. An- 
other object of the present invention is to enable inter- 
lace printing even when the pitch of the dot forming el- 
ements changes midway. 

In order to attain the above and other objects of the 
present invention, there is provided a printing apparatus 
that effects printing by forming dots in a print region on 
a printing medium. The printing apparatus comprises: a 
print head; a first scan driver which moves at least one 
of the print head and the printing medium in a first scan- 
ning direction; a second scan driver which moves at 
least one of the print head and the printing medium in a 
second scanning direction perpendicular to the first 
scanning direction; and a print head driver which drives 
the print head to form dots on the printing medium re- 
sponsive to print image data. The print head includes N 
number (N being an integer not smaller than 4) of dot 
forming elements, where a minimum element pilch in 
the second scanning direction between a neighboring 
pair of the dot forming elements is k°D (k being an inte- 
ger; D being a dot pitch corresponding to printing reso- 
lution) in the print head. The N number of dot forming 
elements is classified into M number of dot forming el- 
ment groups each including N/M numb r of dotforming 
elements (M and N/M being integers not smaller than 
2), and an ith (i being an integer between 1 and (M - 1 )) 
dot forming element group and an (i + 1)th dot forming 
element group among the M number of dot forming el- 



20 



25 



30 



35 



40 



45 



SO 



2 



3 



EP 0 865 927 A2 



4 



ement groups are offset in the second scanning direc- 
tion by an inter-group pitch pg^D (pgj being an integer 
different from k). The second scan driver conveys at 
least one of the print head and the printing medium at a 
constant feed amount that is at least twice the dot pitch 
D. The first and second scan drivers and the print head 
driver drive the print head and the printing medium so 
that the M number of dot forming element groups have 
identical patterns of dot-formable positions and the iden- 
tical patterns of the M number of dot forming element 
groups are shifted from each other to make all dot po- 
sitions in the print region to be dot-formable. 

The term "dot forming element" here denotes a 
mechanism which forms dots on the printing medium, 
including for example an inkjet type actuator using a pi- 
ezoelectric vibrator or heater to jet ink drops from aper- 
tures. 

Since this printing apparatus can effect interlace 
printing at a feed amount of 2°D or greater using M 
number of dot forming element groups, it can produce 
high-quality printed images using- a print head equipped 
with a large number of dot forming elements. 

According to an aspect of the present invention, 
each neighboring pair of the dot forming element groups 
are spaced apart by an interval in the second scanning 
direction, and the N/M number of dot forming elements 
of each dot forming element group are capable of form- 
ing N/M number of identical dots aligned substantially 
in a single row in the second scanning direction at the 
minimum element pitch k°D. 

In a preferred embodiment, the identical patterns of 
the M number of dot forming element groups are com- 
posed of multiple first scanning direction dot lines oc- 
curring periodically at a pitch of M dots. 

The ith and (i + 1 )th dot forming element groups are 
separated by an inter-group distance pn^D (pnj being 
an integer) and pnj is set so that each of (M - 1 ) number 
of remainders of dividing an accumulated value (£ pnj) 
of the values pn 1 to pnj by M takes a different value be- 
tween 1 and (M-1). Each first scanning direction dot line 
is formed by S number of scans in the first scanning di- 
rection (S being a positive integer; M°S being a factor 
of N) and N, M, S and k are selected to make N/(M°S) 
and k/M relatively prime. The second scan driver con- 
veys the at least one of the print head and the printing 
medium in the second scanning direction at a constant 
feed amount that is N/S times the dot pitch D. 

When, in this way, N number of dot forming ele- 
ments are grouped into M number of dot forming ele- 
ment groups and the inter-group distance pn^D of the 
dot forming element groups is set in the foregoing man- 
ner, it suffices to establish a prescribed minimum ele- 
ment pitch k«D within the individual dot forming eloment 
groups. In other words, a print head having a large 
number of dot forming elements can be readily obtained 
by integrating dot forming element groups having dot 
forming elements aligned at a prescribed minimum ele- 
ment pitch k«D. 



Moreover, by selecting N, M, S and k to make N/ 
(M°S) and k/M relatively prime and causing the second 
scan driver to convey at least one of the print head and 
the printing medium in the second scanning direction at 
5 a feed amount that is N/S times the dot pitch D, adjacent 
dot lines can be formed by different dot forming ele- 
ments. 

The print head may be formed by arraying M 
number of dot forming element units separated in the 
io second scanning direction by the inter-group distance 
pnfD, each dot forming element unit having the N/M 
number of dot forming elements whose pitch in the sec- 
ond scanning direction is equal to the minimum element 
pitch k°D. 

is By using multiple dot forming element units having 
dot lorming elements with an element pitch k«D, a print 
head having a larger number of dot forming elements 
than heretofore can be readily obtained. Specifically, 
higher yield and lower production cost can be achieved 

20 when the print head is formed by arraying multiple dot 
forming element units than when it is formed by incor- 
porating a large number of dot forming elements into the 
print head at one time. 

Each dot forming element unit may have a row of 

25 even-numbered dot forming elements and a row of odd- 
numbered dot forming elements each having multiple 
dot forming elements aligned in the second scanning di- 
rection at an element pitch 2k«D which is twice the min- 
imum element pitch k«D, where the row of even-num- 

30 bered dot forming elements and the row of odd-num- 
bered dot forming elements are spaced from each other 
in the first scanning direction. 

By arranging two rows of dot forming elements side 
by side in the first scanning direction, the element pitch 

35 of each row of dot forming elements can be made twice 
(= 2k*D) that in the case of forming only a single row. A 
large number of dot forming elements can therefore be 
easily formed in a single dot forming element unit. 
The first scan driver may drive the at least one of 

40 the print head and the printing medium in the first scan- 
ning direction at a first scanning direction speed that is 
a function of the number of scans S. 

When the number of scans S is set at 2 (S = 2), for 
instance, every continuous dot line in the first scanning 

45 direction is formed by 2 scans. The printing speed is 
therefore halved if the print head teed speed (the first 
scanning direction speed) is the same as when S = 1 . 
The print head feed speed is therefore dynamically var- 
ied as a function of the number of scans S to enable, 

50 production of a high-quality printed image without low- 
ering the printing throughput. More specifically, "first 
scanning direction speed that is a function of the number 
of scans S" means a first scanning direction speed pro- 
portional to the number of scans S. Although the first 
55 scanning direction speed is preferably in proportion to 
the number of scans S is doubled, the invention is not 
limited to this. 

According to another aspect of the present inven- 
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lion, the identical patterns of the M number of dot form- 
ing element groups are composed of multiple dots oc- 
curring periodically at a pitch of M dots on every first 
scanning direction dot line. 

The ith and (i + 1 )th dot forming element groups may 5 
be separated by an inter-group distance pn^D where pr\ t 
is an integer different from k. In this case, each first scan- 
ning direction dot line is formed by M°S number of scans 
in the first scanning direction (S being a positive integer; 
M*S being a factor of N) and N, M, S and k are selected 
to make N/(M»S) and k relatively prime, and the second 
scan driver conveys the at least one of the print head 
and the printing medium in the second scanning direc- 
tion at a constant feed amount that is N/(M°S) times the 
dot pitch D. 

When N number of dot forming elements are 
grouped into M number of dot forming element groups 
and the inter-group distance pn^D of the dot forming el- 
ement groups is set in the foregoing manner, it suffices 
to establish a prescribed minimum element pitch k°D 
within the individual dot forming element groups. In oth- 
er words, a print head having a large number of dot form- 
ing elements can be readily obtained by integrating dot 
forming element groups having dot forming elements 
aligned at a proscribed minimum element pitch k°D. 

Moreover, by selecting N, M, S and k to make N/ 
(M°S) and k relatively prime and causing the second 
scan driver to convey at least one of the print head and 
the printing medium in the second scanning direction at 
a feed amount that is N/(M°S) times the dot pitch D 
(printing resolution), adjacent dot lines can be formed 
by different dot forming elements. Moreover, since each 
dot forming element scans every raster line in the print 
region, overlap printing can be effected. 

The M number of dot forming element groups may 
be formed by inactivating at least one dot forming ele- 
ment in the print head among the multiple dot forming 
elements arrayed in the second scanning direction at 
the minimum element pitch k°D. 

In other words, multiple dot forming element groups 
may be obtained by not using at least one of a plurality 
of dot forming elements all of which are arrayed at a pre- 
scribed minimum element pitch k°D in the second scan- 
ning direction. In this case, the inter-group distance 
pnfD is a multiple of the minimum element pitch k°D. 
With this arrangement, interlace printing according to 
the invention can be effected when, for example, some 
dot forming elements are out of service, of degraded 
quality or otherwise defective by inactivating the defec- 
tive dot forming element(s). 

According to still another aspect of the present in- 
vention, the N number of dot forming elements are sep- 
arated into BN number of blocks (BN being equal to N/ 
M) each including M number of dot forming elements, a 
neighboring pair of the BN number of blocks being sep- 
arated by an inter-block distance pb°D (pb being a pos- 
itive integer unequal to k), the M number of dot forming 
element groups being composed of corresponding dot 



forming elements in the blocks. The M number of dot 
forming elements of each block are capable of forming 
M number of identical dots aligned substantially in a sin- 
gle row in the second scanning direction at the minimum 
element pitch k°D. In this case, each first scanning di- 
rection dot line is formed by M°S number of scans in the 
first scanning direction (S being a positive integer) and 
N, M, S, k and pb are selected to make N/(M<»S) and {k° 
(M - 1) + pb} relatively prime; and the second scan driver 
conveys the at least one of the print head and the print- 
ing medium in the second scanning direction at a con- 
stant feed amount that is N/(M°S) times the dot pitch D. 

Consider for example, the case where 10 dot form- 
ing elements are divided into two blocks (N = 10, BN = 
2). Since each block is formed with 5 dot forming ele- 
ments (N/BN = 10/2 = 5), each block has first to fifth dot 
forming elements. By grouping the corresponding dot 
forming elements of the blocks, e.g., by grouping the first 
dot forming elements with each other, the second dot 
forming elements with each other and the third dot form- 
ing elements with each other, it is possible to configure 
five dot forming element groups. When dot forming ele- 
ment groups are configured in this manner, overlap 
printing can be effected by the interlace method. 

The BN number of blocks may be formed by inacti- 
vating at least one dot forming element in the print head 
among the multiple dot forming elements arrayed in the 
second scanning direction at the minimum element pitch 
koD 

The first scan driver may drive the at least one of 
the print head and the printing medium in the first scan- 
ning direction at a first scanning direction speed that is 
a f unctbn of the number of scans M°S. 

Here the M number of dot forming element groups 
each scans the same dot line S times. When two dot 
forming element groups M1 and M2 are used, for exam- 
ple, each dot line in the print region is scanned by the 
first dot forming element group M1 and is also scanned 
by the second dot forming element group M2. The two 
scans by the dot forming element groups M1 , M2 com- 
plete forming a continuous dot line in the first scanning 
direction. Since S designates the number of scans of 
each dot forming element group it can be called the 
"number of group scans S." 

When S is set at 2 (S = 2), for instance, each con- 
tinuous dot line in the first scanning direction is formed 
by 2M scans. The printing speed is therefore halved if 
the print head feed speed (the first scanning direction 
speed) is the same as when S = 1 . The print head feed 
speed is therefore adaptively varied as a function of the 
number of scans M°S to enable production of a high- 
quality printed image without lowering the printing 
throughput. 

More specifically, "first scanning direction speed 
that is a function of the number of scans M°S" means 
that the first scanning direction speed increases with the 
number of scans M°S. Although the first scanning direc- 
tion speed is preferably in proportion to the number of 
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scans M S, the invention is not limited to this. 

The present invention is also directed to a printing 
method that effects printing by forming dots in the print 
region on the printing medium. The method comprises 
the steps of: providing a print head including N number 
(N being an integer not smaller than 4) of dot forming 
elements, a minimum element pitch in the second scan- 
ning direction between a neighboring pair of the dot 
forming elements being k°D (k being an integer; D being 
a dot pitch corresponding to printing resolution) in the 
print head, the N number of dot forming elements being 
classified into M number of dot forming element groups 
each including N/M number of dot forming elements (M 
and N/M being integers not smaller than 2), an ith (i be- 
ing an integer between 1 and (M * 1)) dot forming ele- 
ment group and an (i + 1 )th dot forming element group 
among the M number of dot forming element groups be- 
ing offset in the second scanning direction by an inter- 
group pitch pgj°D (pgj being an integer different from k); 
conveying at least one of the print head and the printing 
medium at a constant feed amount that is at least twice 
the dot pitch D; and driving the print head and the print- 
ing medium so that the M number of dot forming element 
groups have identical patterns of dot-formable positions 
and the identical patterns of the M number of dot forming 
element groups are shifted from each other to make all 
dot positions in the print region to be dot-formable. 

These and other objects, features, aspects, and ad- 
vantages of the present invention will become more ap- 
parent from the following detailed description of the pre- 
ferred embodiments with the accompanying drawings in 
which: 

Fig. 1 is an explanatory diagram showing interlace 
printing by the prior art. 

Figs. 2(A) and 2(B) are explanatory diagrams for 
demonstrating the basic conditions of a printing scheme 
using one nozzle group. 

Figs. 3(A) and 3(B) are explanatory diagrams for 
demonstrating the basic conditions of a printing scheme 
when the number of scans S is 2 or greater. 

Fig. 4 is an explanatory diagram for demonstrating 
the basic conditions of a first printing scheme using mul- 
tiple nozzle groups. 

Fig. 5 is an explanatory diagram for demonstrating 
the basic conditions of a second printing scheme using 
multiple nozzle groups. 

Fig. 6 is a schematic view showing the overall con- 
figuration of a printing apparatus according to a first em- 
bodiment of the first printing scheme of the invention. 

. Fig. 7 is a plan view showing the structure of a print 
head. 

Fig. 8 is a sectional view showing the structure of 
the print head. 

Fig. 9 is an explanatory view showing how print 
processing is conducted according to the first embodi- 
ment of the first printing scheme. 

Fig. 1 0 is an enlarged explanatory view showing the 
condition of dot formation in Fig. 9. 



Fig. 11 is an explanatory view showing how print 
processing is conducted by a printing apparatus accord- 
ing to a second embodiment of the first printing scheme. 

Fig. 1 2 is an enlarged explanatory view showing the 
5 condition of dot formation in Fig. 1 1 . 

Fig. 13 is an explanatory view showing how print 
processing is conducted by a printing apparatus accord- 
ing to a third embodiment of the first printing scheme. 

Fig. 1 4 is an enlarged explanatory view showing the 
10 condition of dot formation in Fig. 1 3. 

Fig. 15 is an explanatory view showing how print 
processing is conducted by a printing apparatus accord- 
ing to a fourth embodiment of the first printing scheme 
of the invention. 
is Fig. 16 is an explanatory view showing how print 
processing is conducted by a printing apparatus accord- 
ing to a fifth embodiment of the first printing scheme. 

Fig. 17 is an explanatory view showing how print 
processing is conducted according to a first embodi- 
es menl of the second printing scheme of the invention. 

Fig. 1 8 is an enlarged explanatory view showing the 
condition of dot formation in Fig. 17. 

Fig. 19 is an explanatory view showing how print 
processing is conducted by a printing apparatus accord- 
25 jng to a second embodiment of the second printing 
scheme. 

Fig. 20 is an enlarged explanatory view showing the 
condition of dot formation in Fig. 1 9. 

Fig. 21 is an explanatory view showing how print 
30 processing is conducted by a printing apparatus accord- 
ing to a third embodiment of the second printing 
scheme. 

Fig. 22 is an enlarged explanatory view showing the 
condition of dot formation in Fig. 21. 
35 Fig. 23 is an explanatory view showing how print 
processing is conducted by a printing apparatus accord- 
ing to a fourth embodiment of the second printing 
scheme of the invention. 

Fig. 24 is an explanatory view showing the structure 
40 and other aspects of the print head of a printing appa- 
ratus according to a fifth embodiment of the second 
printing scheme. 

Fig. 25 is an enlarged explanatory view showing the 
condition of dot formation in Fig. 24. 

45 

A. Basic conditions of ordinary printing scheme 

A-1 . Basic conditions of printing scheme using one 
nozzle group. 

so 

Figs. 2(A) and 2(B) are explanatory diagrams for 
demonstrating the basic conditions of a printing scheme 
using one nozzle group. The solid line circles including 
numerals in Fig. 2(A) indicate the positions of 4 nozzles 
ss jn the sub-scanning direction after each sub-scan feed. 
The encircled numerals 1 -4 signify the nozzle numbers. 

Various parameters related to the printing scheme 
are shown in Fig. 2(B). The parameters of the printing 
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scheme include the nozzle pitch k [dot], number of used 
nozzles N1, number of scans S, and sub-scan feed 
amount L [dot]. The number of scans S indicates the 
number of sub-scans in which all dots of a given raster 
line are serviced. In the example of Fig. 2, since the dots 
of every raster line are serviced by one sub-scan, S = 1 . 

In the example of Figs. 2(A) and 2(B), the nozzle 
pitch k is 3 dots and the number of used nozzles N1 is 
4. (The number of used nozzles N1 is the number of 
nozzles actually used among the multiple nozzles pro- 
vided.) The number of scans S indicates that dots are 
formed intermittently once every S dots on a raster line 
during a single main scan. The number of scans S is 
therefore equal to the number of nozzles used to record 
all dots of each raster line. 

The table in Fig. 2(B) shows, for each sub-scan 
feed, the sub-scan feed amount L, the accumulated val- 
ue XL thereof and the nozzle offset F after sub-scan 
feed. The offset F is a value indicating the distance in 
number of dots between the nozzle position and refer- 
ence positions of offset 0. The reference positions are 
presumed to be those periodic positions having a pitch 
k, which include the initial positions of the nozzles where 
no sub-scan feed has been conducted (every third dot 
in Fig. 2(A)). For example, as shown in Fig. 2(A), the 
first sub-scan feed moves the nozzles in the sub-scan- 
ning direction by the sub-scan feed amount L (4 dots). 
Since the nozzle pitch k is 3 dots, the offset F of the 
nozzles after the first sub-scan feed is 1 (see Fig. 2(A)). 
Similarly, the position of the nozzles after the second 
sub-scan feed is XL (= 8) dots away from the initial po- 
sition so that the offset F is 2. The position of the nozzles 
after the third sub-scan feed is XL (= 1 2) dots away from 
the initial position so that the offset F is 0. Since the third 
sub-scan feed brings the nozzle offset F back to 0, all 
dots of the raster lines within the print region can be 
serviced by repeating the cycle of 3 sub-scans. 

As will be understood from the foregoing example, 
when the nozzle position is a position that is an integer 
multiple of the nozzle pitch k away Irom the initial posi- 
tion, the offset F is 0. Further, the offset F is given by 
(XL) % k, where XL is the accumulated value of the sub- 
scan feed amount L . k is the nozzle pitch, and n %" is an 
operator indicating that the remainder of the division is 
taken. (Viewing the initial position of the nozzles as be- 
ing periodic, the offset F can also be viewed as the 
amount of phase shift of the nozzles from the initial po- 
sition.) 

When the number of scans S is 1 and the sub-scan 
feed amount L is constant, the following condition C1 
must be satisfied to avoid skipping and/or overwriting of 
raster lines to be recorded. 

[Condition C1]: 

Sub-scan feed amount L equal to number of us d 
nozzles N1, and sub-scan feed amount L (= N1) and 
nozzle pitch k relatively prime. 



Condition C1 can be understood as follows. When 
recording is effected with no skipping of raster lines, N1 
x k raster lines are recorded during k sub-scans. After 
the k number of sub-scan feeds, the nozzle position 

5 ought to be N1 x k raster lines away from the initial noz- 
zle position. This nozzle position can be attained by 
making "the sub-scan feed amount L equal to the 
number of used nozzles N1." To avoid skipping and/or 
overwriting of the raster lines to be recorded, it is nec- 

io essary for the offsets F during the k number of sub-scan 
feeds to assume mutually different values between 0 
and (k - 1 ). Such values of the offsets F can be ensured 
by making "the sub-scan feed amount L (= N1) and noz- 
zle pitch k relatively prime." Two integers are said to be 

is "relatively prime' if they have no common denominator 
other than 1 . Skipping and overwriting of raster lines to 
be recorded can be avoided by satisfying condition C1 . 

Figs. 3(A) and 3(B) are explanatory diagrams for 
demonstrating the basic conditions of a printing scheme 

20 when the number of scans S is 2 or greater. The printing 
scheme shown in Figs. 3(A) and 3(B) amounts to that 
obtained by changing the number of scans S and the 
sub-scan feed amount L among the printing scheme pa- 
rameters shown in Fig. 2(B). As will be understood from 

25 Fig. 3(A), the sub-scan feed amount L in the printing 
scheme of Figs. 3(A) and 3(B) is a constant value of 2 
dots. In Fig. 3(A) the positions of the nozzles after odd- 
numbered sub-scan feeds are indicated by diamonds. 
As shown on the right-hand side of Fig. 3(A), the dot 

30 positions recorded after odd-numbered sub-scan feeds 
are shifted by one dot in the main scanning direction 
from the dot positions recorded after even-numbered 
sub-scan feeds. This means that the plurality of dots in 
any given raster line are recorded intermittently by each 

35 of 2 different nozzles. For example, the uppermost 
raster line within the print region is intermittently record- 
ed every other dot by nozzle #3 after the first sub-scan 
feed and is thereafter intermittently recorded every other 
dot by nozzle #1 after the fourth sub-scan feed. Thus, 

40 when the number of scans S is 2 or greater, each raster 
line is recorded by S number of diflerent nozzles. 

The bottom line in the table of Fig. 3(B) shows the 
value of the offset F after each of multiple sub-scans. 
The values of offsets F alter the first to sixth sub-scan 

45 feeds include each value between 0 and 2 twice. 

Since one raster line is ordinarily recorded by S 
number of scans when the number of scans S is 2 or 
greater, the effective number of nozzles can be consid- 
ered to be N 1 1S. The sub-scan feed amount L can there- 
50 fore be set equal to the effective number of nozzles 
N1/S. Specifically, when the number of scans S is an 
integral value of 2 or greater, condition C1 set out above 
can be rewritten as the following condition C1\ 

55 [Conditioner]: 

Sub-scan feed amount L equal to effective number 
of nozzles N1/S, and sub-scan feed amount L (= N1/S) 
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and nozzle pitch k relatively prime. 

Since the sub-scan f ed amount L and the nozzle 
pitch k are also relatively prime in condition C1\ the off- 
sets F after the k number of sub-scan feeds assume mu- 
tually different values between 0 and (k - 1), as shown 
in Fig. 3(B). Moreover, the offsets F after k X S number 
of sub-scan feeds assume each value between 0 and 
(k - 1), S number of times. (The number of scans S is 
selected so that N1/S is an integer not smaller than 1.) 

Condition C1 ' also holds when the number of scans 
S is 1 . Condition CV therefore holds generally with re- 
spect to a printing scheme that effects sub-scan feed at 
a constant feed amount L using one nozzle group, irre- 
spective of the value of the number of scans S. In a case 
where the number of scans S is 2 or greater, however, 
the condition of mutual offset among the recording po- 
sitions of the nozzles recording a given raster line must 
be satisfied. 

A-2. Basic conditions of printing scheme using multiple 
nozzle groups 

Fig. 4 is an explanatory diagram for demonstrating 
the basic conditions of a first printing scheme using mul- 
tiple nozzle groups. M number of nozzle groups NG-, - 
NG M (M = 3 in Fig. 4) have identically arrayed nozzles, 
and each group has N1 number of nozzles disposed at 
a constant nozzle pitch k. The total number of nozzles 
N of the M number of nozzle groups NG., - NG M is there- 
fore equal to N1 °M. The distance between the ith nozzle 
group NGj and the (i+1)th nozzle group NG j+1 (called 
the "inter-group distance") is pn| dots. The distance be- 
tween corresponding nozzles of the ith nozzle group 
NGi and the (i+1 )th nozzle group NG k1 (called the "inter- 
group pitch") is pg f dots. 

The raster lines recorded by the individual nozzle 
groups are distinguished on the right-hand side of Fig. 
4. As this shows, in the first printing scheme each nozzle 
group records different raster lines from the others and 
the raster lines recorded by any given nozzle group oc- 
cur periodically at a pitch of M dots. (How these raster 
lines are recorded will be described later in detail.) Spe- 
cifically, in the first printing scheme all of the raster line 
groups recorded by the individual nozzle groups exhibit 
the same periodic pattern of arrangement at a pitch of 
M dots. All dots in the print region are recorded by off- 
setting this identical pattern little by little every nozzle 
group. 

In the printing scheme of Figure 4, since each noz- 
zle group uses multiple nozzles arrayed at nozzle pitch 
k to record raster lines spaced at a pitch of M dots, the 
sub-scan feed amount L is set to M times that of the feed 
amount N1/S for a single nozzle group, that is, M°N1/S 
= N/S. Moreover, since this printing scheme is thought 
to be equivalent to a scheme in which each nozzle group 
uses nozzles with a nozzle pitch of (k/M) to record raster 
lines at a pitch of one dot, the effective number of noz- 
zles NI1/S is set to be prime relative to k/M. Condition 



CV can then be rewritten as follows. 
[Condition C2a] : 

5 Sub-scan feed amount L equal to M times effective 
number of nozzles N1/S (= N/S), and effective number 
of nozzles N1/S (= N/(M°S)) and (k/M) relatively prime. 

When condition C2a is satisfied, each nozzle group 
can record raster lines spaced at a pitch of M dots. (The 
10 nozzle pitch k and the number of nozzle groups M are 
selected to make (k/M) an integer not smaller than 1.) 
On the other hand, the raster line groups recorded by 
the nozzle groups can be mutually offset little by little as 
shown on the right-hand side of Fig. 4 by satisfying the 
15 following condition C2b. 

[Condition C2b] : 

Each of (M - 1) values of (Xpn^/oM has a different 
20 value between 1 and (M - 1), 

where (Zpnj) is the accumulated value of the inter-group 
distances p^ - pnj from the first to the ith nozzle group 
(i being an integer between 1 and (M - 1)), and the op- 
erator H % H indicates an operation of taking the remain- 
25 der of division. As far as the inter-group distance pn x sat- 
isfies condition C2b, the values of the (M - 1 ) number of 
inter-group distances p^ - pnj can be equal to each oth- 
er. 

The following condition C2c, using the inter-group 
30 pitch pgj instead of the inter-group distance pnj in con- 
dition C2b, also holds. 

[Condition C2c] : 

35 Each of (M - 1 ) values of (Spg^/oM has a different 
value between 1 and (M - 1 ). 

Condition C2c is more general than condition C2b 
because the inter-group pitch pgj can be made smaller 
than the distance k°(N1 - 1) between the opposite ends 
<to of one nozzle group. That is, condition C2b is a special 
case satisfying the more general condition C2c. 

Fig. 5 is an explanatory diagram for demonstrating 
the basic conditions of a second printing scheme using 
multiple nozzle groups. In this printing scheme, each 
45 nozzle group records 1/M of all dots of every raster line. 
In other words, the dots recorded by each nozzle group 
occur at a pitch of M dots in every raster line. (How these 
dots are recorded will be described later in detail.) In this 
printing scheme, since each nozzle group records at, 
50 every raster line, the same condition holds regarding the 
sub-scan feed as in the printing scheme shown in Figs. 
3(A) and 3(B) using only one nozzle group. 



55 



[Condition C3a] : 

Sub-scan feed amount L equal to effective number 
of nozzles N1/S (= N/(M"S)), and sub-scan feed amount 
L (= N/(M°S)) and nozzle pitch k relatively prime. 
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Regarding the inter-group distance pnj, it suffices to 
satisfy the following condition C3b, which is less strict 
than condition C2b. 



B. Embodiments of first printing scheme 

B-1 . First embodiment of first printing scheme 



[Condition C3b] : 

Inter-group distance pn f is a different value from 
nozzle pitch k. 

Similarly, regarding the inter-group pitch pg h it suf- 
fices to satisfy the following condition C3c, which is less 
strict than condition C2c. 



[Condition C3c] : 

Inter-group distance pgj is a different value from 
nozzle pitch k. 

In the printing scheme shown in Fig. 5, each raster 
line is recorded by M number of nozzle groups and each 
nozzle group effects recording of one raster line in S 
number of scans. Since every raster line is recorded in 
M°S number of scans, (M»S) is called the "number of 
raster line scans. ' The number of scans S of one nozzle 
group is called the "number of group scans." 

Although in the example of Fig. 5 each dot line in 
the column direction (vertical direction) is recorded by 
one nozzle group, it is instead possible, as in the exam- 
ple of Figs. 1 7 and 18 explained later, to record each dot 
line in the column direction with different nozzle groups. 
The dots recorded by each nozzle group occur at a pitch 
of M dots in every raster line in this case, too, but the 
positions of the dots recorded by the nozzle group are 
progressively offset in the rowdirection every raster line. 
Specifically, in the second printing scheme the dots re- 
corded by each nozzle group exhibit the same pattern 
of periodic arrangement at a pitch of M dots in each 
raster line and all dots in the print region are recorded 
by offsetting this identical pattern little by little every noz- 
zle group. 

The term "dot line" is used in this specification to 
indicate either a series of dots in the row (horizontal) 
direction (i.e. a raster line) or a series of dots in the col- 
umn (vertical) direction. 

In the first printing scheme explained earlier, each 
nozzle group records raster lines at a pitch of M dots 
and records all dots in these raster lines. In the second 
printing scheme, each nozzle records at every raster 
line but records dots at a pitch of M dots in each raster 
line. The first and second printing schemes are common 
in the point that "the recording positions of multiple noz- 
zle groups form identical recording position patterns and 
the recording position patterns of the multiple nozzle 
groups are offset from each other to service all dot po- 
sitions in the print region." In the first printing scheme 
the "identical recording patterns" are patterns com- 
posed of "raster lines spaced at a pitch of M dots" and 
in the second printing scheme are patterns composed 
of "dots spaced at a pitch of M dots at every raster line." 



5 Figs. 6-8 show an inkjet printer 1 as a printing ap- 
paratus according to a first embodiment of the first print- 
ing scheme of the invention. Fig. 6 is an explanatory di- 
agram showing the overall configuration of the inkjet 
printer 1 . The inkjet printer 1 comprises a print head 2, 
w a main scan driver 3, a sub-scan driver 4, a driver con- 
troller 5, a data storage section 6, a print head driver 7 
and a main scan speed management table 8, each of 
which will be explained later. (In this embodiment, "first 
scanning direction" refers to the main scanning direction 
« (lateral direction in the drawings) and "second scanning 
direction" to the sub-scanning direction (vertical direc- 
tion). 

The print head 2 has a first nozzle group 2a and a 
second nozzle group 2b spaced apart in the sub-scan- 
20 ning direction by a prescribed inter-group distance 
pn°D. The nozzle groups are also referred to as "dot 
forming element groups." The inter-group distance pn«D 
is pn times the dot pitch D, which corresponds to the 
printing resolution. When the number of nozzle groups 
2S m is 2 as in the case of Fig. 6, a natural number that is 
not a multiple of 2 (i.e., an odd number) is selected as 
the inter-group distance pn. 

As shown in Fig. 7, each of the nozzle groups 2a, 
2b is configured as an actuator unit 10, or "dot forming 
30 element unit", and each is equipped with N1 number of 
nozzles as "dot forming elements" (N1 = 5 in the illus- 
trated example). In other words, N number of nozzles 
(N = N1 + N1 = 10) are separated into two nozzle groups 
2a, 2b. The number of nozzles N is an integer not small- 
35 erthan4. 

The nozzles of each nozzle group 2a, 2b are spaced 
in the sub-scanning direction at a nozzle pitch of k°D, or 
the "element pitch." The nozzle pitch k«D is k times the 
dot pitch D, where k is an integral multiple of the number 
^0 of nozzle groups M. 

The main scan driver 3, or the "first scan driver", 
drives the print head 2 in a main scanning direction (lat- 
erally in Fig. 6) relative to a printing medium SP consist- 
ing of a sheet of printing paper or the like. The sub-scan 
45 driver 4, or the "second scan driver", effects driving to 
convey the printing medium SP in the sub-scanning di- 
rection perpendicular to the main scanning direction 
(vertically in Fig. 6). 

The driver controller 5 controls the amount, timing 
so etc. of the driving by the main scan driver 3 and the sub- 
scan driver 4 so as to move the print head 2 in the main 
scanning direction. The driver controller 5 also makes 
the conveyance amount of the printing medium SP by 
the sub-scan driver 4 equal to N/S times the dot pitch 
55 D, i.e., NoD/S, thereby enabling a constant pitch medium 
conveyance operation mode and effecting control to 
form dots in accordance with the interlace printing 
scheme. 



8 



15 



EP 0 865 927 A2 



16 



In order to form adjacent dot lines with different noz- 
zles, the parameters N, M, S and k have to satisfy the 
condition of "N/(M°S) and k/M being relatively prime." 
Since the product M°S of the number of nozzle groups 
M and the number of group scans S is a factor of the s 
number of nozzles N and the nozzle pitch k is a multiple 
of the number of nozzle groups M, N/(M°S) and k/M are 
both integers. In the example shown in Fig. 6, when the 
number of scans S is made 1, N/(M*S) = 10/(2*1) = 5 
and k/M = 4/2 = 2, so that N/(M*S) and k/M are relatively 10 
prime. It is noted that these parameters satisfy the con- 
ditions C2a, C2b and C2c. 

The data storage section 6 consists of a memory 
for storing print image data. A data block area (not 
shown) is formed in the memory. The print head driver is 
7 supplies electric current to the print head 2 based on 
the print image data stored in the data storage section 
6. In response, the first nozzle group 2a and the second 
nozzle group 2b jet ink onto the printing medium SP from 
prescribed nozzles to produce a printout based on the 20 
print data. 

The main scan speed management table 8 is used 
for dynamically controlling the main scan speed VS, or 
the "first scan direction speed", in accordance with the 
number of scans S. Specifically, the main scan speed 2s 
VS, i.e., the speed of print head 2, is stored in the main 
scan speed management table 6 in association with dif- 
ferent print modes with different numbers of scans S. 
The main scan speed VS 1 when the number of scans 
S is 1, i.e., when every dot line in the main scanning 30 
direction is formed by a single scan, is defined as a ref- 
erence speed and the main scan speed VS increases 
with the number of scans S. Specifically, the main scan 
speed VS2 when S = 2 is set to double the reference 
speed VS 1 and the main scan speed VS3 when S = 3 35 
is set to treble the reference speed VS1. The invention 
is not limited to this, however, and, for example, it is pos- 
sible to set the main scan speed VS2 when S = 2 to 1 .5 
times the reference scan speed VS1 or some other val- 
ue. 40 

A specific example of the print head 2 will now be 
explained based on Figs. 7 and 8. Fig. 7 is a plan view 
of the print head 2. The print head 2 is composed of a 
plurality (two in Fig. 7) of actuator units 10. The actuator 
units 10 are separated by an inter-group distance pn°D. 45 
Each actuator unit 10 is formed with multiple nozzle ac- 
tuators. 

Fig. 8 is a sectional view of a nozzle actuator. A 
channel forming plate 11 is formed with an ink chamber 
12, an ink feed port 13 and a pressure chamber 14. Ink so 
is fed from an external ink tank (not shown) to the ink 
chamber 12, and then to the pressure chamber 14 
through the ink feed port 1 3. A vibration plate 1 5 is pro- 
vided on the rear side surface of the channel forming 
plate 11 and is formed with an island portion 16. A pie- ss 
zoelectric vibrator 1 7 is provided in contact with one side 
of the island portion 16. The piezoelectric vibrator 17 is 
formed so as. for example, to contract when electrically 



charged and expand when discharged. 

A nozzle plate 20 has nozzle orifices 21 associated 
with respective nozzle actuators. The nozzle orifices 21 
at each actuator unit 10 are spaced at nozzle pitch kD. 
As schematically shown in Fig. 7, the print head 2 is 
completed by providing the nozzle plate 20 on the actu- 
ator units 10. It should be noted, however, that the 
present invention is not limited to the foregoing arrange- 
ment. For example, it is possible to adopt instead a con- 
figuration which jets ink drops by means of bubbles gen- 
erated in the ink with microheaters. 

Since the nozzle actuators have a complicated 
structure involving ink channel portions such as the 
pressure chamber 14 and the piezoelectric vibrator 17, 
it is difficult to incorporate a large number of the nozzle 
actuators into a single actuator unit 1 0 with high uniform- 
ity. Since in this embodiment the print head 2 is consti- 
tuted by arraying multiple actuator units 10, however, a 
print head 2 equipped with multiple nozzle actuators can 
be readily obtained. 

The operation of this embodiment will now be ex- 
plained based on Figs. 9 and 10. As explained in the 
foregoing, in this embodiment the number of nozzle 
groups M = 2, the number of nozzles N = 10, the nozzle 
pitch k = 4, tho intor-group distance pn = 5, the number, 
of scans S = 1 , and the sub-scan feed amount L = N. 

During every main scan pass, the nozzles of the 
nozzle groups 2a, 2b can form dots by jetting ink drops. 
Since a constant pitch sub-scan of N dot pitch is effected 
every main scan, dot lines cannot be densely formed in 
the sub-scanning direction until the print head 2 and the 
printing medium SP have come into a prescribed posi- 
tional relationship. Specifically, the position of nozzle 
#B3 at the third main scan pass P3 is the start of the 
print region. 

Fig. 10 is an enlarged explanatory view showing 
how dots are formed in a section of 1 2 dot lines from the 
start of the print region. As shown in Fig. 10, since the 
number of scans S is 1 in this embodiment, every dot 
line in the main scanning direction is formed in a single 
main scan. Moreover, dot lines adjacent in the sub-scan- 
ning direction are formed by different nozzles. 

The embodiment configured in this manner exhibits 
the following effects. 

First, since the print head 2 is formed by grouping 
the multiple nozzles (nozzle actuators) into the multiple 
nozzle groups 2a, 2b and separating the nozzle groups 
2a, 2b by the inter-group distance pn°D, whose value is 
different from that of the nozzle pitch k, a print head 2 
equipped with multiple nozzles can be readily obtained. 
Specifically, the print head 2 can be produced at high 
yield and low production cost because the nozzle pitch 
k need be secured only within tho nozzle groups 2a, 2b 
individually. 

Second, since the number of used nozzles N, the 
number of nozzle groups M, the number of scans S and 
the nozzle pitch k are selected to make N/(M°S) and k/ 
M relatively prime and sub-scanning is effected at a con- 
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stant pitch that is N/S times the dot pitch D, interlace 
printing can be achieved with the print head 2 ven if 
the head 2 is locally different in nozzle pitch. Adjacent 
dot lines can therefore be formed with different nozzles, 
and the effect of nozzle characteristic variance can be 
spread out to effect high-quality printing. 

Third, since the print head 2 is formed by arraying 
in the sub-scanning direction multiple actuator units 10 
each having multiple nozzle actuators serially aligned in 
the sub-scanning direction at a nozzle pitch k, print 
heads with many nozzles can be produced with high uni- 
formity. In addition, print heads 2 with various numbers 
of nozzles can be obtained simply by changing the 
number of actuator units 1 0 used. 



of nozzle #B2 at the third main scan pass P3 is the start 
of the print region. Dot lines can be densely formed in 
the sub-scanning direction from here. Fig. 12 is an en- 
larged explanatory view showing how dots are formed 

s in a section of 1 5 dot lines from the start of the print re- 
gion. As shown in Fig. 12, dot lines adjacent in the sub- 
scanning direction are formed by different nozzles. 

The embodiment configured in this manner can 
therefore also achieve the same effects as the first em- 

™ bodiment of the first printing scheme described earlier. 

B-3. Third embodiment of first printing scheme 



B-2. Second embodiment of first printing scheme 

A second embodiment of the first printing scheme 
according to the invention will now be explained based 
on Figs. 11 and 12. (In the embodiments that follow, con- 
stituent elements identical with those of the first embod- 
iment of the first printing scheme described above are 
assigned the same reference symbols as those in the 
first embodiment and will not be explained further.) The 
feature characterizing this embodiment is that the noz- 
zles are separated into 3 nozzle groups. 

Specifically, the print head 31 of this embodiment is 
composed of a first nozzle group 31a, a second nozzle 
group 31b and a third nozzle group 31c each having 3 
nozzles arrayed at nozzle pitch k. The first nozzle group 
31a and the second nozzle group 31 b are separated by 
a first inter-group distance pn, °D and the second nozzle 
group 31 b and the third nozzle group 31 c are separated 
by a second inter-group distance pn 2 °D. The parame- 
ters in this embodiment are: number of used nozzles N 
= 9, number of nozzle groups M = 3, number of scans 
S = 1, nozzle pitch k = 6, first inter-group distance pn, 
= 8 and second inter-group distance pn 2 = 5 Since N/ 
(MoS) = 9/(3*1) = 3 and k/M = 6/3 = 2, it follows that N/ 
(M°S) and k/M are relatively prime. 

When the inter-group distance pnj differs between 
different nozzle groups as in this embodiment, the dis- 
tances can be determined based on Equation 1 

pn 1 = (pn 2 + aoM) (Equation 1) 

where a is an integer. 

In other words, the first inter-group distance pn 7 is 
the value obtained by adding a multiple of M to the sec- 
ond inter-group distance pn 2 . In this embodiment, the 
first inter-group distance p^ is determined to be pn, = 
(pn 2 + cHvl) = (5 + 1°3) = 8. In general, however, it suf- 
fices to satisfy the aforesaid condition C2b: "Each of (M 
- 1) values of (Lpn^/oM being a different value between 
1and(M-1)." 

In this embodiment, as shown in Fig. n,th position 



A third embodiment of the first printing scheme ac- 
cording to the invention will now be explained based on 
Figs. 1 3 and 1 4. The feature characterizing this embod- 
iment is that every dot line in the main scanning direction 
is formed by two scans in the main scanning direction. 
The print head 41 of this" embodiment comprises a 
20 first nozzle group 41a and a second nozzle group 41b 
spaced apart in the sub-scanning direction by an inter- 
group distance pn<»D. The nozzle groups 41a, 41b are 
respectively formed with 6 nozzles aligned in the sub- 
scanning direction at a nozzle pitch k«D. The parameters 
25 in this embodiment are: number of used nozzles N = 1 2, 
number of nozzle groups M = 2, number of scans S = 2,' 
nozzle pitch k = 4 and inter-group distance pn = 5 Since 
N/(Mo S ) = 12/(2-2) = 3 and k/M = 4/2 = 2, it follows that 
N/(M°S) and k/M are relatively prime. 
30 As shown in Fig. 13, the position of nozzle #B5 at 
the fifth main scan pass P5 is the start of the print region 
in this embodiment. Each dot line is formed by two main 
scans. Fig. 14 is an enlarged explanatory view showing 
how dots are formed in a section of 1 2 dot lines from the 
35 start of the print region. 

As shown in Fig. 14, dot lines adjacent in the sub- 
scanning direction are also formed by different nozzles 
in this embodiment. In addition, since the number of 
main scanning direction scans S is 2 in this embodiment 
^0 each continuous dot line in the main scanning direction 
is formed by two main scans. This means that dots ad- 
jacent in the main scanning direction are formed by dif- 
ferent nozzles. This printing pattern is called "overlap.'' 
Since each raster line is scanned twice, printing is 
45 not limited to the overlap pattern shown in Fig. 1 4 but 
can also be effected in other types of overlap patterns 
In this case, the first main scan forms a continuous dot 
line and the next main scan overlays new dots on the 
already formed dots, thus enabling a higher level of mul- 
50 tigradation printing. 

B-4. Fourth embodiment of first printing scheme 

A fourth embodiment of the first printing scheme ac- 
S5 cording to the inv ntion will now be explained based on 
Fig. 15. The feature characterizing this mbodiment is 
that multiple actuator units are offset from each other in 
the main scanning direction as well. 
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As shown in Fig. 15, the print head of this embodi- 
ment is composed of multiple actuator units 51. Each 
actuator unit 51 is formed with multiple nozzles aligned 
in the sub-scanning direction at a prescribed nozzle 
pitch k. 

Adjacent ones of the actuator units 51 are separat- 
ed from each other in the sub-scanning direction so that 
the distance between the nearest nozzles thereof is a 
prescribed inter-group distance pn°D. The actuator 
units 51 are further offset from each other in the main 
scanning direction by a prescribed distance WL. 

The embodiment of this configuration also provides 
a number of nozzle groups equal to the number of ac- 
tuator units 51. It can therefore produce the same effects 
as the first embodiment described earlier. Moreover, 
since the actuator units 51 are offset from each other in 
the main scanning direction so that they may partly over- 
lap in the sub-scanning direction, the length of the print 
head in the sub-scanning direction can be shortened. 

B-5. Fifth embodiment of first printing scheme 

A fifth embodiment of the first printing scheme ac- 
cording to the invention will now be explained based on 
Fig. 16. The feature characterizing this embodiment is 
that the print head is formed by arranging in the sub- 
scanning direction actuator units each having a row of 
even-numbered nozzles and a row of odd-numbered 
nozzles. 

Specifically, the print head 61 according to this em- 
bodiment is equipped with, for example, four nozzle 
groups 62 spaced in the main scanning direction. The 
respective nozzle groups 62 are assigned to handle dif- 
fer nt colors, such as black, cyan, magenta and yellow, 
and each nozzle group 62 jets ink drops of a single color. 

Each nozzle group 62 is composed of multiple ac- 
tuator units 63 aligned in the sub-scanning direction. 
Each actuator unit 63 has a row of even-numbered noz- 
zles 63a and a row of odd-numbered nozzles 63b. The 
two rows are spaced from each other in the main scan- 
ning direction, each consisting of multiple nozzles 
aligned in the sub-scanning direction at a nozzle pitch 
2k«D. Actuator units 63 adjacent in the sub-scanning di- 
rection are disposed so that the nearest nozzles thereof 
have a prescribed inter-group distance pn°D. 

The embodiment configured in this manner can also 
achieve the same effects as the first embodiment of the 
first printing scheme described earlier. Owing to the 
large nozzle pitch, moreover, this embodiment enables 
ready production of a multinozzle, high-density print 
head at low cost. 

As is clear from the example of Fig. 16, the N1 
number of nozzles included in each nozzle group need 
not n cessarily be disposed along a single straight line. 
Any arrangement suffices that is capable of forming N1 
number of dots substantially aligned in the sub-scanning 
direction at a constant pitch k. 

One skilled in the art will be able to make suitable 



changes, additions, variations, deletions and the like in 
respect of the embodiments of the first printing scheme 
described in the foregoing without departing from the 
scope of the present invention. For example, while em- 
5 bodiments were explained in which dots are formed 
along the main scanning direction defined as the first 
scanning direction, this is not limitative and it is possible 
instead to adopt a configuration in which printing is ef- 
fected along the sub-scanning direction defined as the 
10 second scanning direction. 

Although a serial printer was taken as an example 
in the embodiments of the first printing scheme, appli- 
cation to a line printer or to a facsimile apparatus, a pho- 
tographic apparatus or the like is also possible. Appli- 
es cation to a multifunction printing apparatus incorporat- 
ing various features, e.g., facsimile capability, is also 
feasible. 

As is clear from the foregoing explanation, the first 
printing scheme according to the invention differentiates 

20 the inter-group distance pn between the dot forming el- 
ement groups from the element pitch k between the dot 
forming elements in the dot forming element groups, 
thereby enabling ready formation of a print head having 
a large number of dot forming elements. In addition, 

25 since it selects the parameters N, M, S and k to make 
N/(M»S) and k/M relatively prime and conveys the print- 
ing medium at a constant pitch that is N/S times the dot 
pitch D, interlace printing can be achieved even though 
the presence of the intervening inter-group distance pn 

30 causes the element pitch of the dot forming elements to 
differ locally within the head. 

C. Embodiments of second printing scheme 

35 C-1 . First embodiment of second printing scheme 

The second printing scheme can use a hardware 
configuration substantially the same as that of the first 
printing scheme shown in Figs. 6 - 8. Fig. 17 is an ex- 
40 planatory view showing how print processing is conduct- 
ed according to a first embodiment of the second print- 
ing scheme. 

A print head 71 has a first nozzle group 71a and a 
second nozzle group 71b, or "dot forming element 
45 groups," spaced apart in the sub-scanning direction by 
a prescribed inter-group distance pn°D. The inter-group 
distance pn«D is pn times the dot pitch D. A positive in- 
teger other than k can be selected as the inter-group 
distance pn. 

so Each of the nozzle groups 7 1 a, 7 1 b is equipped with 
N1 number of nozzles as "dot forming elements" (N1 = 
5 in the illustrated example) In other words, N number 
of nozzles (N = N1 + N1 = 10) are separated into two 
nozzle groups 71a, 71b. 

55 The number of nozzles N is an integer not smaller 
than 4. The numb r of nozzles N and number of nozzle 
groups M (an integer not smaller than 2) are unequal. 
The conveyance amount of the printing medium SP 
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by the sub-scan driver 4 is N/(M»S) times the dot pitch 
D, i.e.. N°D/(M«»S). This constant pitch conveyance op- 
eration mode enables the interlace printing scheme. 

In order toform adjacent dots with different nozzles, 
the parameters N, M, S and k have to satisfy the condi- 
tion of M N/(M°S) and k being relatively prime." Since the 
number of raster line scans M°S, i.e., the product ol the 
number of nozzle groups M and the number of group 
scans S, is a factor of the number of nozzles N and the 
nozzle pitch k is a positive integer, N/(M»S) and k are 
both integers. When the number of group scans S is 1 
in the example shown in Fig. 17. N/(M°S) = 1 0/(2*1 ) = 5 
and k = 4, so that N/(M°S) and k are relatively prime. 
The number of group scans S here refers to the number 
of scans executed by each nozzle group, and the 
number of raster line scans M°S is the number of scans 
for forming one dot line in the main scanning direction 
(i.e. . one raster line) by the scans of the individual nozzle 
groups. These parameters satisly the aforesaid condi- 
tions C3a, C3b and C3c. 

The print head driver 7 (Fig. 6) supplies electric cur- 
rent to the print head 71 based on the print image data 
stored in the data storage section 6. In response, the 
first nozzle group 71a and the second nozzle group 71b 
jet ink onto the printing medium SP from prescribed noz- 
zles to produce a printout based on the print data. 

In the second printing scheme, the main scan speed 
management table 8 (Fig. 2) is used for dynamically 
controlling the main scan speed VS, or the "first scan 
direction speed", in accordance with the number of 
raster line scans M*S in the main scanning direction. 
Specifically, the main scan speed VS, i.e., the speed of 
print head 71 , is stored in the main scan speed manage- 
ment table 8 in association with different print modes 
with different numbers of scans M°S. The main scan 
speed VS1 when the number of group scans S is 1 , i.e., 
when every dot line in the main scanning direction is 
formed by a single scan of a single nozzle group, is de- 
fined as a reference speed and the main scan speed VS 
increases with the number of group scans S. Specifical- 
ly, the main scan speed VS2 when S = 2 is set to double 
the reference speed VS1 and the main scan speed VS3 
when S = 3 is set to treble the reference speed VS1. 
The invention is not limited to this, however, and, for ex- 
ample, it is possible to set the main scan speed VS2 
when S = 2 to 1.5 times the relerence speed VS1 or 
some other value. Although the main scan speed pref- 
erably increases also in proportion to the number of noz- 
zle groups M, it may not be dependent on the number 
of nozzle groups M and can be set as a function of only 
the number of group scans S. 

As explained in the foregoing, in the embodiment 
shown in Fig. 17 the number of nozzle groups M = 2, 
the numb r of nozzl s N = 10, the nozzle pitch k = 4, 
the int r-group distance pn = 5, the number of group 
scans S = 1, and the sub-scan fe d amount N/(M°S) = 
10/2 = 5. 

During every main scan pass, the nozzles of the 



nozzle groups 71a. 71b can form dots by jetting ink 
drops. Since a constant pitch sub-scan of N/(M°S) dot 
pitch is effected after every main scan, dot lines cannot 
be densely formed in the sub-scanning direction until the 

s print head 71 and printing medium SP have come into 
a prescribed positional relationship. Specifically, the po- 
sition of nozzle #A4 at the first main scan pass P1 is the 
start of the print region. Moreover, since the nozzle 
groups 71a, 71b respectively effect interlace printing, 

10 both nozzle groups 71a, 71b contribute to form every 
raster line. That is, since overlap printing is effected by 
the second printing scheme of the invention, every 
raster line in the print region is formed by both the nozzle 
groups 71 a. 71b. 

is Fig. IB is an enlarged explanatory view showing 
how dots are formed in a section of 1 0 dot lines from the 
start of the print region. As shown in Fig. 18, since the 
number of group scans S is 1 in this embodiment, every 
dot line in the main scanning direction is lormed by one 

20 main scan of the first nozzle group 71a and one main 
scan of the second nozzle group 71b. 

Specifically, each dot line is formed of dots printed 
by the first nozzle group 71a (indicated by squares) and 
dots printed by the second nozzle group 71b (indicated 

25 by circles). Moreover, dot lines adjacent in the sub-scan- 
ning direction are formed by different nozzles. 

The embodiment configured in this manner exhibits 
the following effects. 

First, since the print head 71 is formed by grouping 

30 the multiple nozzles (nozzle actuators) into the multiple 
nozzle groups 71a, 71b and separating the nozzle 
groups 71 a, 71b by the inter-group distance pn, a value 
differing from the nozzle pitch k, a print head 71 
equipped with multiple nozzles can be readily obtained. 

35 Specifically, the print head 71 can be produced at high 
yield and low production cost because the nozzle pitch 
k need be secured only within the nozzle groups 71a, 
71b individually. 

Second, since the number of used nozzles N, the 

40 number of nozzle groups M, the number of group scans 
S and the nozzle pitch k are selected to make N/(M°S) 
and k relatively prime and sub-scanning is effected at a 
constant pitch that is N/(M°S) times the dot pitch D, in- 
terlace printing can be achieved with the print head 71 

45 which is locally different in nozzle pitch. Since adjacent 
dot lines can therefore be formed with different nozzles, 
the effect of nozzle characteristic variance can be 
spread out to effect high-quality printing. 

Third, since in this embodiment both of the nozzle 

so groups 71a, 71b scans every raster line in the print re- 
gion, overlap printing can be effected. 

Fourth, since the print head 71 is formed by arraying 
in the sub-scanning direction multiple actuator units 
each having multiple nozzle actuators serially aligned in 

55 th sub-scanning direction at a nozzle pitch k, print 
h ads with many nozzles can be produced with high uni- 
formity In addition, print heads 71 with various numbers 
of nozzles can be obtained simply by changing the 
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number of actuator units 10 used. 

In particular, since the inter-group distance pn can 
be any positive integer other than the nozzle pitch k and 
is subject to no other restriction, a multinozzle print head 
71 can be easily obtained by integrating multiple actua- 
tor units. 

Since this embodiment effects "overlap" by offset- 
ting the positions of the dots formed by the nozzle 
groups 71a, 71b by one dot in the main scanning direc- 
tion every sub-scanning direction dot line, it forms dots 
in a checkered pattern. The pattern of dot formation is 
not limited to this, however, and it is instead possible, 
as in the second embodiment described below, to align 
the dot forming positions of each nozzle group in the 
sub-scanning direction. 

C-2. Second embodiment of second printing scheme 

A second embodiment of the second printing 
scheme according to the invention will now be explained 
based on Figs. 19 and 20. The feature characterizing 
this embodiment is that the nozzles are divided into 3 
nozzle groups. 

Specifically, the print head 81 of this embodiment is 
composed of a first nozzle group 81a, a second nozzle 
group 81b and a third nozzle group 81c each having 3 
nozzles arrayed at nozzle pitch k. Each adjacent pair of 
nozzle groups, i.e., the first and second nozzle groups 
81a and 81b and the second and third nozzle groups 
81b and 81c, is separated by an inter-group distance 
pn°D. The parameters in this embodiment are: number 
of used nozzles N = 9, number of nozzle groups M = 3, 
number of group scans S = 1 , nozzle pitch k = 4 and 
inter-group distance pn = 5. Since N/(M°S) = 9/(3°1) = 
3 and k = 4, it follows that N/(M°S) and k are relatively 
prime. 

Although the inter-group distance separating the 
first nozzle group 81 from the second nozzle group 81 b 
and the inter-group distance separating the second noz- 
zle group 81b from the third nozzle group 81c are both 
defined as the pn in this embodiment the. inter-group 
distances are not required to be equal and either can be 
any integer other than k. This is because the nozzle 
groups 81a, 81b, 81c each independently scans all the 
raster lines to effect interlace printing. 

In this embodiment, as shown in Fig. 19, the posi- 
tion of nozzle #A1 at the third main scan pass P3 is the 
start of the print region. Dot lines can be densely formed 
in the sub-scanning direction from here. Fig. 20 is an 
enlarged explanatory view showing how dots are 
formed in a section of 8 dot lines from the start of the 
print region. As shown in Fig. 20, dot lines adjacent in 
the sub-scanning direction are formed by different noz- 
zles. 

The embodiment configured in this manner can 
therefore also achieve the same effects as the first em- 
bodiment of the second printing scheme described ear- 
lier. 



C-3. Third embodiment of second printing schem 

A third embodiment of the second printing scheme 
according to the invention will now be explained based 

5 on Figs. 21 and 22. The feature characterizing this em- 
bodiment is that every dot line in the main scanning di- 
rection is formed by two scans of each nozzle group in 
the main scanning direction. 

The print head 91 of this embodiment comprises a 

10 first nozzle group 91a and a second nozzle group 91b 
spaced apart in the sub-scanning direction by an inter- 
group distance pn°D. The nozzle groups 91a, 91b are 
respectively formed with 6 nozzles aligned in the sub- 
scanning direction at a nozzle pitch k°D. The parameters 

15 in this embodiment are: number of used nozzles N = 1 2, 
number of nozzle groups M = 2, number of group scans 
S = 2, nozzle pitch k = 4 and inter-group distance pn = 
5. Since N/(M°S) = 1 2/(2*2) = 3 and k = 4, it follows that 
N/(M°S) and k are relatively prime. 

20 As shown in Fig. 21, the position of nozzle #A5 at 
the third main scan pass P3 is the start of the print region 
in this embodiment. Each dot line is formed by two main 
scans of each of the nozzle groups 91 a, 91 b. Since each 
of the nozzle groups 91a, 91b scans each raster line 

25 twice (S = 2), every line is composed of 4 kinds of dots, 
two kinds indicated by blank and solid circles and two 
kinds indicated by blank and solid squares. 

Fig. 22 is an enlarged explanatory view showing 
how dots are formed in a section of 6 dot lines Irom the 

30 start of the print region. As shown in Fig. 22, dots adja- 
cent in the sub-scanning direction are also formed by 
different nozzles in this embodiment. In addition, since 
the number of group scans S is defined as 2 in this em- 
bodiment, each continuous dot line in the main scanning 

35 direction is formed by two main scans by each of the 
nozzle groups 91a, 91b. In every dot line, therefore, dots 
adjacent in the main scanning direction are formed by 
a combination of four different nozzles. 

40 c-4. Fourth embodiment of second printing scheme 

A fourth embodiment of the second printing scheme 
according to the invention will now be explained based 
on Fig. 23. The feature characterizing this embodiment 

45 is that a single actuator unit is used and the nozzles are 
grouped into multiple nozzle groups by inactivating 
some nozzles. 

Specifically, the print head 101 of this embodiment 
is formed of a single actuator unit 102 having multiple 

so nozzles aligned in the sub-scanning direction at a pre- 
scribed nozzle pitch k°D. In this embodiment, a pre- 
scribed nozzle, the nozzle 103 indicated by a broken 
line, is inactivated to divide the nozzles into a first nozzle 
group 101a and a second nozzle group 101b. 

55 The inter-group distance pn between the nozzle 
groups 101a, 101b resulting from the inactivation the 
prescribed nozzle 103 is twice the nozzle pitch k. 

The embodiment configured in this manner also 
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achieves the same effects as th first embodiment of 
the second printing scheme described earlier. In addi- 
tion, since this embodiment is configured to effect the 
interlace printing that is a feature of this invention by in- 
activating at least one nozzle to divide the total number 
of nozzles into the multiple nozzle groups 101a, 101b, 
interlace printing can be effected even when the actua- 
tor unit 102 has a missing or defective nozzle by select- 
ing the missing or defective nozzle as an inactivated 
nozzle. 

C-5. Fifth embodiment of second printing scheme 

A fifth embodiment of the second printing scheme 
according to the invention will now be explained based 
on Figs. 24 and 25. The feature characterizing this em- 
bodiment is that N number of nozzles are separated into 
BN number of blocks and that M number (M = N/BN) of 
nozzle groups are configured by nozzles at the corre- 
sponding places in the blocks. 

Fig. 24 is an explanatory view showing the structure 
and other aspects ol the print head 111 of this embodi- 
ment. The print head 111 is formed with N number (N = 
10) of nozzles separated into BN number (BN = 2) of 
blocks. The nozzle pitch k in each block is 4 and the 
int r-block distance pb between the blocks is 5. The 
physical layout of the nozzles is therefore the same as 
that of the first embodiment of the second printing 
scheme shown in Fig. 17. 

In this embodiment, however, the structural unit in 
terms ol drive control for controlling the driving of the 
nozzles, i.e. , the nozzle grouping, differs from that of the 
first embodiment. Since each block includes N/BN 
number (N/BN = 10/2 = 5) of nozzles, the nozzles of 
each block are located at 1st through (N/BN)-th places 
within the block. 

This will be explained with reference to Fig. 24. The 
print head 111 is composed of two blocks 112 and 113, 
and each of the blocks 112, 113 has five nozzles. The 
nozzles in each block are labeled with a through e, for 
convenience of illustration. In other words, the first block 
112 has five nozzles labeled a1 through e1 and the sec- 
ond block 113 has five nozzles labeled a2 through e2. 

In this embodiment, two nozzles of the correspond- 
ing places in the blocks 112, 113 form a nozzle group. 
Specifically, five nozzle groups are formed: a first nozzle 
group 111a consisting of the nozzles a1 and a2, a sec- 
ond nozzle group 111b consisting of the nozzles b1 and 
b2, a third nozzle group 111c consisting of the nozzles 
c1 and c2, a fourth nozzle group 111d consisting of the 
nozzles d1 and d2, and a fifth nozzle group 111 e con- 
sisting of the nozzles e1 and e2. 

In this embodiment, since the nozzle groups 111a - 
111e are configured by nozzles of the corresponding 
places in the blocks 112, 113, the distance between the 
two nozzles of each nozzle group (i.e., effective nozzle 
pitch) is {k<>(M - 1 ) + pb}. Interlace printing can therefore 
be conducted by s lecting N, M, S, k and pb to make N/ 



(M*S) and {k°(M - 1 ) + pb} r latively prime and effecting 
sub-scanning at a constant pitch of N/(M°S). In the ex- 
ample of Fig. 24, N = 10, M = 5 (N/BN = 10/2 = 5), k = 
4, pb = 5 and S = 1. so that N/(M«»S) =10/5 = 2 and {k° 
5 (M - 1) + pb} = {4°(5- 1) + 5} = 21. N/(MoS) and {k°(M - 
1) + pb} are therefore relatively prime. The sub-scan 
feed amount is 10/(5°1) = 2 dots. 

In the printing scheme shown in Fig. 24, the inter- 
group pitch is k and the distance (pitch) between the two 
io nozzles ol each nozzle group is {k°(M - 1) + pb}. Al- 
though this embodiment does not satisfy the aforesaid 
condition C3b regarding the inter-group distance, they 
satisfy conditions C3a and C3c. 

As shown in Fig. 25, in the embodiment of the fore- 
is going configuration, dot lines can be densely formed 
from where the second nozzle a2 of the first nozzle 
group 1 1 1 a is positioned at the eleventh main scan pass. 

Although the nozzles of the blocks 112, 113 are re- 
spectively represented by circles and squares in Fig. 24, 
20 the blocks 1 1 2, 1 1 3 are not differentiated in printing con- 
trol. Fig. 25 does not differentiate the nozzles by which 
block they belong to. The symbols within the circles rep- 
resenting the dots in Fig. 25 indicate the nozzle group 
concerned, the number of main scan passes and the 
2S nozzle number. For example, ^11-2" means that the dot 
was formed by the second nozzle ("b") of the second 
nozzle group ("-2") in the "11"th main scan pass. 

Like the earlier embodiments, this embodiment can 
also form dot lines adjacent in the sub-scanning direc- 
30 tion with different nozzles to thereby effect high-quality 
printing. 

The second printing scheme can also utilize the 
print head 51 (Fig. 15) of the fourth embodiment of the 
first printing scheme or the print head 61 (Fig. 16) of the 
35 fifth embodiment of the first printing scheme described 
earlier. 

One skilled in the art will be able to make suitable 
changes, additions, variations, deletions and the like in 
respect of the embodiments of the second printing 

40 scheme described in the foregoing without departing 
from the scope of the present invention. For example, 
while embodiments were explained in which dots are 
formed along the main scanning direction defined as the 
first scanning direction, this is not limitative and it is pps- 

45 sible instead to adopt a configuration in which printing 
is effected along the sub-scanning direction defined as 
the second scanning direction. 

In the second printing scheme of the invention, 
since every dot forming element group scans every 

so raster line, printing is not limited to the "overlap" pattern 
indicated regarding the embodiments but can also be 
effected in other types of overlap patterns. In this case, 
the first main scan forms a continuous dot line and the 
next main scan ov rlays new dots on th already formed 

55 dots, thus enabling a higher lev I of multigradation print- 
ing. 

Although a serial printer was taken as an example 
in the embodiments of the second printing scheme, ap- 
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plication to a line printer etc. or to a facsimile apparatus, 
a photographic apparatus or the like is also possible. 
Application to a multifunction printing apparatus incor- 
porating various features, e.g., facsimile capability, is al- 
so feasible. s 

As is clear from the foregoing explanation, the sec- 
ond printing scheme according to the invention differen- 
tiates the inter-group distance pn between the dot form- 
ing element groups from the element pitch k between 
the dot forming elements in the dot forming element 10 
groups, thereby enabling ready formation of a print head 
having a large number of dot forming elements. In ad- 
dition, since it selects the parameters N, M, S and k to 
make N/(M°S) and k relatively prime and conveys the 
printing medium at a constant pitch that is N/(M°S) times is 
the dot pitch D, interlace printing can be achieved even 
though the presence of intervening inter-group distance 
pn causes the element pitch of the dot forming elements 
to differ locally within the head. 

In the second printing scheme of the present inven- 20 
tion, the inter-group distance pn can be any positive in- 
teger other than the nozzle pitch k. Since interlace print- 
ing can therefore be conducted even if the inter-group 
distance pn differs between different dot forming ele- 
ment groups, a print head with many dot forming ele- 2s 
ments can be easily obtained. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the scope of the 30 
present invention being limited only by the terms of the 
appended claims. 



Claims 35 



head, the N number of dot forming laments be- 
ing classified into M number of dot forming el- 
ement groups each including N/M number of 
dot forming elements (M and N/M being inte- 
gers not smaller than 2), an ith (i being an inte- 
ger between 1 and (M - 1 )) dot forming element 
group and an (i + 1)th dot forming element 
group among the M number of dot forming ele- 
ment groups being offset in the second scan- 
ning direction by an inter-group pitch pg^D (pg { 
being an integer different from k); 
the second scan driver conveying at least one 
of the print head and the printing medium at a 
constant feed amount that is at least twice the 
dot pitch D; and 

the first and second scan drivers and the print 
head driver driving the print head and the print- 
ing medium so that the M number of dot forming 
element groups have identical patterns of dot- 
formable positions and the identical patterns of 
the M number of dot forming element groups 
are shifted from each other to make all dot po- 
sitions in the print region to be dot-formable. 

2. A printing apparatus according to claim 1 , wherein 

each neighboring pair of the dot forming ele- 
ment groups are spaced apart by an interval in 
the second scanning direction, and 
the N/M number of dot forming elements of 
each dot forming element group are capable of 
forming N/M number of identical dots aligned 
substantially in a single row in the second scan- 
ning direction at the minimum element pitch 
koD. 



1 . A printing apparatus that effects printing by forming 
dots in a print region on a printing medium, compris- 
ing: 

40 

a print head; 

a first scan driver which moves at least one of 
the print head and the printing medium in a first 
scanning direction; 

a second scan driver which moves at least one 45 
of the print head and the printing medium in a 
second scanning direction perpendicular to the 
first scanning direction; and 
a print head driver which drives the print head 
to form dots on the printing medium responsive so 
to print image data; 

wherein the print head includes N number (N 
being an integer not smaller than 4) of dot form- 
ing elements, a minimum element pitch in the 
second scanning direction between a neighbor- ss 
ing pair of the dot forming elements being k°D 
(k being an integer; D being a dot pitch corre- 
sponding to printing resolution) in the print 



3. A printing apparatus according to claim 2, wherein: 

the identical patterns of the M number of dot 
forming element groups are composed of multiple 
first scanning direction dot lines occurring periodi- 
cally at a pitch of M dots. 

4. A printing apparatus according to claim 3, wherein: 

the ith and (i + 1 )th dot forming element groups 
are separated by an inter-group distance pn^D 
(pn { being an integer) and pn,- is set so that each 
of (M - 1 ) number of remainders of dividing an 
accumulated value (Z pn,) of the values p^ to 
pn { by M takes a different value between 1 and 
(M-1); 

each first scanning direction dot line is formed 
by S number of scans in the first scanning di- 
rection (S being a positive integer; M°S being a 
factor of N) and N, M, S and k are selected to 
make N/(M°S) and k/M r latively prime; and 
the second scan driver conveys the at least one 
of the print head and the printing medium in the 
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second scanning direction at a constant leed 
amount that is N/S times the dot pitch D. 

5. A printing apparatus according to claim A, wherein: 

the print head is tormed by arraying M number 5 
of dot forming element units separated in the sec- 
ond scanning direction by the inter-group distance 
pn^D, each dot forming element unit having the N/ 
M number of dot forming elements whose pitch in 
the second scanning direction is equal to the mini- 10 
mum element pitch k°D. 

6. A printing apparatus according to claim 5, wherein: 

each dot forming element unit has a row of 
even-numbered dot forming elements and a row of is 
odd-numbered dot forming elements each having 
multiple dot forming elements aligned in the second 
scanning direction at an element pitch 2k»D which 
is twice the minimum element pitch k°D, the row of 
even-numbered dot forming elements and the row 20 
of odd-numbered dot forming elements being 
spaced from each other in the first scanning direc- 
tion. 

7. A printing apparatus according to claim 4, wherein: 2s 

the first scan driver drives the at least one of 
the print head and the printing medium in the first 
scanning direction at a first scanning direction 
speed that is a function of the number of scans S. 

30 

8. A printing apparatus according to claim 2, wherein: 

the identical patterns of the M number of dot 
forming element groups are composed of multiple 
dots occurring periodically at a pitch of M dots on 
every first scanning direction dot line. ss 

9. A printing apparatus according to claim 8, wherein: 

the ith and (i + 1 )th dot forming element groups 
are separated by an inter-group distance pn^D *o 
where pnj is an integer different from k; 
each first scanning direction dot line is formed 
by M°S number of scans in the first scanning 
direction (S being a positive integer; M°S being 
a factor of N) and N, M, S and k are selected to 45 
make N/(M<>S) and k relatively prime; and 
the second scan driver conveys the at least one 
of the print head and the printing medium in the 
second scanning direction at a constant feed 
amount that is N/(M°S) times the dot pitch D. so 

10. A printing apparatus according to claim 9, wherein: 

the print head is formed by arraying M number 
of dot forming el ment units separated in the sec- 
ond scanning dir ction by the inter-group distance ss 
pn^D, each dot forming element unit having the N/ 
M number of dot forming elements whose pitch in 
the second scanning direction is equal to the mini- 



mum element pitch k»D. ~" 

11. A printing apparatus according to claim 10, wherein: 
each dot forming element unit has a row of 

even-numbered dot forming elements and a row of 
odd-numbered dot forming elements each having 
multiple dot forming elements aligned in the second 
scanning direction at an element pitch 2k«D which 
is twice the minimum element pitch k°D t the row of 
even-numbered dot forming elements and the row 
of odd-numbered dot forming elements being 
spaced from each other in the first scanning direc- 
tion. 

12. A printing apparatus according to claim 9, wherein: 
the M number of dot forming element groups 

are formed by inactivating at least one dot forming 
element in the print head among the multiple dot 
forming elements arrayed in the second scanning 
direction at the minimum element pitch k°D 

13. A printing apparatus according to claim 9, wherein: 
the first scan driver drives the at least one of 

the print head and the printing medium in the first 
scanning direction at a first scanning direction 
speed that is a function of the number of scans M°S. 

14. A printing apparatus according to claim 1, wherein: 

the N number of dot forming elements are sep- 
arated into BN number of blocks (BN being 
equal to N/M) each including M number of dot 
forming elements, a neighboring pair of the BN 
number of blocks being separated by an inter- 
block distance pb°D (pb being a positive integer 
unequal to k), the M number of dot forming el- 
ement groups being composed of correspond- 
ing dot forming elements in the blocks; 
the M number of dot forming elements of each 
block are capable of forming M number of iden- 
tical dots aligned substantially in a single row 
in the second scanning direction at the mini- 
mum element pitch k°D; 
each first scanning direction dot line is formed 
by M°S number of scans in the first scanning 
direction (S being a positive integer) and N, M, 
S, k and pb are selected to make N/(M°S) and 
{k°M - 1 ) + pb} relatively prime; and 
the second scan driver conveys the at least one 
of the print head and the printing medium in the 
second scanning direction at a constant feed 
amount that is N/(M*S) times the dot pitch D. 

15. A printing apparatus according to claim 14, wherein: 
the print head is formed by arraying BN 
number of dot forming element units separated in 
the second scanning direction by the inter-block dis- 
tance pb°D, each dot forming element unit having 
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the M number of dot forming elements whose pitch 
in the second scanning direction is equal to the min- 
imum element pitch k°D. 

1 6. A printing apparatus according to claim 1 5, wherein: $ 

each dot forming element unit has a row of 
even-numbered dot forming elements and a row of 
odd-numbered dot forming elements each having 
multiple dot forming elements aligned in the second 
scanning direction at an element pitch 2k°D which io 
is twice the minimum element pitch k°D, the row of 
even-numbered dot forming elements and the row 
of odd-numbered dot forming elements being 
spaced from each other in the first scanning direc- 
tion. 15 

17. A printing apparatus according to claim 14, wherein: 

the BN number of blocks are formed by inac- 
tivating at least one dot forming element in the print 
head among the multiple dot forming elements ar- 20 
rayed in the second scanning direction at the mini- 
mum element pitch k°D 

18. A printing apparatus according to claim 14, wherein: 

the first scan driver drives the at least ono of 25 
the print head and the printing medium in the first 
scanning direction at a first scanning direction 
speed that is a function of the number of scans M«S. 

1 9. A printing method for forming dots on a printing me- 30 
dium in accordance with print image data while 
moving at least one of a print head and the printing 
medium in a first scanning direction and moving at 
least one of a print head and the printing medium in 

a second scanning direction perpendicular to the 35 
first scanning direction, the printing method effect- 
ing printing by forming dots in the print region on the 
printing medium, comprising the steps of: 

providing a print head including N number (N 40 
being an integer not smalle r than 4) of dot form- 
ing elements, a minimum element pitch in the 
second scanning direction between a neighbor- 
ing pair of the dot forming elements being k°D 
(k being an integer; D being a dot pitch corre- 45 
sponding to printing resolution) in the print 
head, the N number of dot forming elements be- 
ing classified into M number of dot forming el- 
ement groups each including N/M number of 
dot forming elements (M and N/M being inte- so 
gers not smaller than 2), an ith (i being an inte- 
ger between 1 and (M - 1)) dot forming element 
group and an (i + 1)th dot forming element 
group among the M number of dot forming ele- 
ment groups being offset in the second scan- £5 
ning direction by an inter-group pitch pg^D (pg| 
being an integer different from k); 
conveying at least one of the print head and the 



printing medium at a constant feed amount that 
is at least twice the dot pitch D; and 
driving the print head and the printing medium 
so that the M number of dot forming element 
groups have identical patterns of dot-formable 
positions and the identical patterns of the M 
number of dot forming element groups are shift- 
ed from each other to make all dot positions in 
the print region to be dot-formable. 

20. A printing method according to claim 19, wherein 

each neighboring pair of the dot forming ele- 
ment groups are spaced apart by a dot-forming- 
element-free interval in the second scanning di- 
rection, and 

the N/M number of dot forming elements of 
each dot forming element group are capable of 
forming N/M number of identical dots aligned 
substantially in a single row in the second scan- 
ning direction at the minimum element pitch 
k«D. 

21. A printing method according to claim 20, wherein: 

the identical patterns of the M number of dot 
forming element groups are composed of multiple 
first scanning direction dot lines occurring periodi- 
cally at a pitch of M dots. 

22. A printing method according to claim 21, wherein: 

the ith and (i + 1 )th dot forming element groups 
are separated by an inter-group distance pn^D 
(pn- t being an integer) and pn } is set so that each 
of (M - 1) number of remainders of dividing an 
accumulated value (X pn } ) of the values pn 1 to 
pnj by M takes a different value between 1 and 
(M-1); 

each first scanning direction dot line is formed 
by S number of scans in the first scanning di- 
rection (S being a positive integer; M°S being a 
factor of N) and N, M, S and.k are selected to 
make N/(M°S) and k/M relatively prime; and 
the at least one of the print head and the print- 
ing medium is conveyed in the second scan- 
ning direction at a constant feed amount that is 
N/S times the dot pitch D. 

23. A printing method according to claim 22, wherein: 

the at least one of the print head and the print- 
ing medium is conveyed in the first scanning direc- 
tion at a first scanning direction speed that is a func- 
tion of the number of scans S. 

24. A printing method according to claim 20, wherein: 

the identical patterns of the M number of dot 
forming element groups are composed of multiple 
dots occurring periodically at a pitch of M dots on 
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every first scanning dir ction dot line. 

25. A printing method according to claim 24, wherein: 

the ith and (i + 1 )th dot forming element groups s 
are separated by an inter-group distance pn^D 
(pnj being an integer) and pn 8 is set so that each 
of (M - 1 ) number of remainders of dividing an 
accumulated value (X pn,) of the values pn 1 to 
pnj by M takes a different value between 1 and 10 
(M-1); 

each first scanning direction dot line is formed 
by M»S number of scans in the first scanning 
direction (S being a positive integer; M»S being 
a factor of N) and N, M, S and k are selected to is 
make N/(M»S) and k relatively prime; and 
the at least one of the print head and the print- 
ing medium is conveyed in the second scan- 
ning direction at a constant feed amount that is 
N/(M»S) limes the dot pilch D. 20 

26. A printing method according to claim 25, wherein: 

the at least one of the print head and the print- 
ing medium is driven in the first scanning direction 
at a first scanning direction speed that is a function 2S 
of the number of scans M«S. 

27. A printing method according to claim 1 9, wherein: 

the N number of dot forming elements are sep- 30 
arated into BN number of blocks (BN being 
equal to N/M) each including M number of dot 
forming elements, a neighboring pair of the BN 
number of blocks being separated by an inter- 
block distance pb»D (pb being a positive integer 3S 
unequal to k), the M number of dot forming el- 
ement groups being composed of correspond- 
ing dot forming elements in the blocks; 
. the M number of dot forming elements of each 
block are capable of forming M number of iden- 40 
tical dots aligned substantially in a single row 
in the second scanning direction at the mini- 
mum element pitch k»D; 
each first scanning direction dot line is formed 
by JWS number of scans in the first scanning 45 
direction (S being a positive integer) and N, M, 
S, k and pb are selected to make N/(M»S) and 
{k»(M - 1 ) + pb) relatively prime; and 
the at least one of the print head and the print- 
ing medium is conveyed in the second scan- so 
ning direction at a constant feed amount that is 
N/(M»S) times the dot pitch D. 

28. A printing method according to claim 27, wh rein: 

the at least one of the print head and the print- ss 
ing medium is driven in the first scanning direction 
at a first scanning direction speed that is a function 
of the number of scans M»S. 
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Fig. 2(A) SUB-SCAN FEED CONCEPT (S = 1) 
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Fig. 3 (A) SUB-SCAN FEED CONCEPT (S = 2) 
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F i g. 4 

FIRST PRINTING SCHEME USING MULTIPLE NOZZLE GROUPS 
(EACH NOZZLE GROUP RECORDS DIFFERENT RASTER LINES 
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SECOND PRINTING SCHEME USING MULTIPLE NOZZLE GROUPS 
(EACH NOZZLE GROUP RECORDS ALL RASTER LINES) 
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Fig- 13 
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Fig. 14 
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Fig. 15 
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Fig. 17 
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Fig. 18 
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Fig. 20 
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Fig. 2 1 
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Fig. 24 
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(54) Printing apparatus and printing method using multiple nozzle groups 



(57) A print head 2 has multiple nozzle groups 2a, 
2b spaced apart in the sub-scanning direction by a pre- 
scribed inter-group distance pn h Each nozzle group 2a, 
2b has multiple nozzles aligned in the sub-scanning di- 
rection at a nozzle pitch k. In a first printing scheme in 
which the nozzle groups record different raster lines, the 
inter-group distance pn,- is set to a value different from 
the nozzle pitch k. Since the nozzle pitch k need be se- 
cured only within the nozzle groups 2a, 2b individually, 



a print head 2 with many nozzles can be readily ob- 
tained. Interlace printing can be effected by selecting the 
total number of nozzles N, the number of nozzle groups 
M, the number of scans S and the nozzle pitch k to make 
N/(M • S) and k/M relatively prime and effecting sub- 
scanning at a constant pitch of N/S dots. In a second 
printing scheme in which multiple nozzle groups record 
every raster line, the selection is made to make N/(M-S) 
and k relatively prime and sub-scanning is effected at a 
constant pitch of N/(M-S) dots. 
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